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(57) Abstract: 

PROBLEM TO BE SOLVED: To eliminate any kinds of 
manual interferences for compensating influences of 
different air capacities by regulating a segment time of 
a cylinder which Is most slid from an average segment 
time of plural cylinders by change of an injection 
capacity for reducing sliding. 

SOLUTION: An internal combustion engine ICE is 
provided with exclusive air control devices A1 to A6 on 
many cylinders 01 to C6. Each time segment of each 
cylinder 01 to 06 is detected in a time segment 
detecting system, sind each time signal TS1 to TS6 is 
supplied to an electronic control unit EOU. In the 
electronic control unit EOU, an average segment time is 
decided, slide between the average segment time and a 
segment time is decided, and each air control device Al 
to A6 is drivingly controlled. Namely, a cylinder having 
the maximum sliding of the segment time is suitably 
regulated by change of an injection capacity. 
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1 • Title of Invention 

METHOD AND APPARATUS FOR COMPENSATING THB - 
INFLUENCE OF DIFFERENT AIR CAPACITIES 
OF ENGINE CYLINDERS 

2 . Claims 

1. Method for coinpeneating the influence of different air 
capacities in an engine at idle with a plurality of cylinder- 
-^individual air control devices, wherein a segment, time of a . 
cylinder with a greatest deviation from an average segment time 
of the cylinders is adjusted by a change in its injection volume 
which results in a reduction of said deviation. 

2. Method according to Claim 1, wherein the injection volume 
of at least one respective other cylinder is changed in an 
opposite direction. 

3. Method according to Claim 1, wherein the injection 
volume of a plurality of respective other cylinders are changed 
in an opposite direction. 

4. Method according to Claim 1, wlierein the cylinders with 
longest segment times are supplied with a correspondingly larger 
quantity of fuel. 
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B. Method according to Claim 2, wherein the cylinders with 
longest segment times are supplied with a correspondingly larger 
quantity of fuel- 

6. Method according to Claim 3, wherein the cylinders with 
longest segment times are supplied with a correspondingly larger 
quantity of fuel. 

1. Method according to Claim wherein compensation is 
performed in a bank -selective manner in an engine with a 
plurality of cylinder banks. 

8. Method according to Claim 2, wherein compensation ie 
performed in a bank -selective manner in an engine with a 
plurality of cylindez: banks. 

^. Method according to Claim 3, wherein compensation is 
performed in a bank- selective manner in an engine with a 
plurality of cylinder banks, 

10. Method according to Claim 4, wherein condensation is 
performed in a bank- selective manner in an engine with a 
plurality of cylinder banks. 

IL. Method according to Claim 5, wherein compensation Is 
performed in a bank- selective manner in an engine with a 
pltirality of cylinder banks. 

12. Method according to Claim wherein condensation is 
performed in a bank* selective manner in an engine with a 
plurality of cylinder banks. 
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13. Method of operating an internal combuBt:ion engine 
having a plurality of cylinders and respective separate air 
control devices £or each cylinder^ said method con^rising 
operating daid engine while: 

detecting segment titnee of respeccive ones of the 
individual cylinders and generating eegment time signals 
for each cylinder « 

processing said segment: time signals to determine 
which cylinder has a segment time with a greatest deviation 
from an average segment time for all of said cylinders, and 
adjusting a respective air control device at said 
cylinder with a greatest deviation co change the time 
segment of said cylinder in a direction to reduce said 
deviacion. 

14* Method according to Claim 13, comprising adjusting 
respective air control devices at other of said cylinders in a 
direction opposite adjustment of the air control device at said 
cylinder with a greatest deviation. 

15. Method according to Claim 1, comprising supplying 
correspondingly larger volumes of fuel to cylinders with the 
longest segment times. 
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16. An internal combuetion engine compriBing: 
a plurality of cylinders, 

respective separately controllable air control devices 
at each cylinder, 

segment time detecting meana for detecting segment 
times of respective ones of the individual cylinders and 
generating segment time signals for each cylinder « 

processing means for processing said segment time 
signals to detepnine which cylinder has a segment time with 
a greatest deviation from an average segment time for all 
of said cylinders, and 

adjusting means for adjusting a respective air control 
device at said cylinder .with a greatest deviation to change 
the time segment of said cylinder in a direction to reduce 
said deviation. 

17. An internal combustion engine according to Claim 16, 
wherein said adjusting means includes means for respective air 
control devices at other of said cylinders in a direction 
opposite adjustment of the air control device at said cylinder 
with a greatest deviation. 

18. * An internal combustion engine according to Claim 16, 
wherein said adjusting means include means for supplying larger ' 
volumes of fuel to cylinders with the largest segment times. 
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3.. Detailed Description of Invention 

BACTQRQPMD AMD flUMWWRY OF THB INVEMTIQK 

This appllcacion claims the priority of German 
application 198 45 749.9, filed in Germany on October 5, 1998, 
the diecloaure of which ie expreaaly incorporated by reference 
herein. 

The invention relates to a method and system for 
compensating the influence of different air capacities in an 
engine at idle with a plurality of cylinder- individual air 
control devices. 

The term "cylinder- individual air control devices" in the 
application covers individual throttles and/or cylinder- 
individual air intake valves. 

It is conventional to correct the differences in air 
capacities of individual cylinders of such an internal combustion 
engine caused by assembly and manufacturing tolerances as well 
as aging factors, on one occasion before (re-> starting, for 
example at the factory or in a garage. In this process, for 
example, the idle settings of the cylinder -individual air control 
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devices designed as individual throttle valves are corrected by 
changing the idle stop. These methods are tedious and do not take 
into account changes that occur during operation, for example as 
a result o£ increasing contamination of the cylinder- individual 
air control devices. 

A goal o£ the invention ia to provide a method o£ the 
species recited at the outset in which manual intervention of 
whatever kind for compensating the influence of different air 
capacicies is eliminated. 

The invention acliievae thia goal by providing an 
az-rangement , wherein a segment time of a cylinder witK a greatest 
deviation from an average segment time of the cylinders is 
adjusted by a change in Its injection vclume which reaulua in a 
zreduction of said deviation. 

By means of the invent iori, mechanical tolerance is not 
corrected by mechanical intervention but by a change in the 
injected volume of least one cylinder. Following a determination 
of the segment time of the cylinder, -he cylinder vith the 
maximum deviation in segment time is preferably adju-sted by 
changing the injection volume. The goal is to adjust the segment 
time of Che cylinder to chat of the other cylinders. 
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Thia adjustment takes place once during an operating phase 
of the en9ine^ at the beginning of trhia phase or at zr^ular time 
- Intervals, days for exan^le. The result of this adjustment is 
scored permanently. Bach time the engine is in t:he idle state ^ 
5 the injection volume of the cylinders affected by the correction 
measure according to the invention is changed accordingly 
relative to the original atate with an injection voluine tbat is 
the same for all cylinders. 

The determination of the segment time is known as such for 
10 determining the rotational speed, crankshaft, and cainshaf t • 
posit ionfi of an engine. It ie preferably used in detecting 
Tnisfires- For example, see U.S. Patent 5,fi93,045, corresponding 
to German DOS DE 195 3 5 094 Al for an exemplary segment time 
determination method and eyatem* It is novel within the 
15 framework of the present invention to obtain an i<iea of the air 
capacities of the cylinders through a. measurement of the aegntent 
times and to follow the effects of the injection volume 
corrections based on the changes in segment times of the 
cy^IiTiders • 

2 0 Since any change to the injected volume is llnkedl to a 

change in the mixture composition and hence to the exhaust 
©mioaion specif icationa , the method according to the invention 
can be improved by linking the change in the injection volume of 
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a cylinder with a correBponding cppofijite change in the injection 
volumes of the other cylinders. As a result, the neceeaary 
esehauet emiesion specif icat ions can be maintained despite the 
inprovement in the smoothness of the operation of the engine. 

5 Since in the method according to the invention it ia 

preferably the cylinder with the emalleBt segment time difference 
that is to be matched, the cylinder with, the shortest or the 
cylinder with the longest aegmenc time a&xi be selected. It ia 
advantageous in this connection to select the cylinder with the 
.10 longest segment time corresponding to the "slowest" cylinder. The 
additional amount of fuel supplied to this cylinder, under the 
condition of constant exhaust emission specif icat ions, can be 
corrected hy a correeponding reduction in the injection wlume 
of at least one other cylinder in a manner that is simpla from 
IS the standpoint of regulation technology. The injection volume is 
r^ducftd in the cylinder that has the shortest segment time, in 
other words the "fastest" cylinder. 

The method according to the invention is not liKiited to the 
cylinder that deviates the moat from the average in Its segment 
2 0 time. Instead, all of the cylinders which for example lie outside 
the specified toleranea range can have their segment times 
adjusted bo that they fall within the tolerance range. 
Accordingly, the change in injection volume made for thia segment 
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t^ime adjustment Is corrected by a corresponding opposite change 
in the injection volume (o£ one) of the other cylinders. 

As a rule^ it is not sufficient to correct the injection 
volumes of one cylinder only once, instead^ a regulation process 
S is involved which takAfi the form of several Bvccee&ive steps and 
In wliieK one or more cylinders have tlialsr injection volAimes 
increased sequentially or eimultaaeously while at the aaine time 
other or the other cylinders have their injection volumes 
reduced. The goal here ia to reduce uneven running as rroich as 

10 possible by changing injection voliunes while at the e&me time not 
changing the exhausc emission specifications over all cylinders. 
In an engine In which the esylindera are arranged in banks and 
' controlled and/ox regulated in the same way^ it may be 
advantageous bo perform the compexisation according to the 

15 invention in a bank- selective manner, in other vords individually 
for each bank of cylinders. In this way. the coet of regulation 
can he reduced sharply. 

The result cC the method according to the invention is an 
engine with a Klgh degree of quiet running but vith air 
20 capacities that are etill different for the individual cylinders. 

Other objects, advantages and novel features oC the present 
invention vill become apparent from the following detailed 
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description of the inv ntion whcxi considered in conjunction with 
thQ accompanying drawings. 



The aingie drawing figure echematically depicts an internal 
combustion engine ICE having six cyl inders CI , C3 , C3, C4 , C5 and 
C6. A separately controllable cylinder- individual air control 
device Al, A2 , A3, M, AS and A6 is provided for each of the 
respective cylinders. 

A time segment detection sygtem ia provide for detecting the 
individual cylinder cime segments and generating corresponding 
time signals TSl, TS2, TS3, TS4, TS5 and TS6 which are fed to an 
electronic control unit ECU. The electronic control unit ECU 
processes the signals to determine an average segment time as 
well as deviat;ions of respective individual segment times from 
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cii^ average segment titne. The ECU- than operates to control the 
respective air control devices the individual- cylinders as a 
function of the deviations frotn the average aegment time. The 
..aricus control arrangemenra in5>lemented by the ECU and 
5 schematically depicted control devices are described above and 
In the claima. 

The foregoing discloaiire hM been »et forth merely to 
illuatirate the invention and ifi not intended to be limiting - 
Since tnodiflcations of the disclosed embodiments incorporating 
10 the spirit and aubatance ot tlie invention may occur to persons 
ekilled in the art, the invention ahould be construed to include 
everything within the ecope of the appended claims and 
equivalents thereof. 
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1 . Abstract 



In a method and apparatus for con\pejidat:ing the influence o£ 
different air capacities in an internal combustion engine at idle 
with a plurality of cylinder- individual air control devices « the 
segment times of the cylinders of the engine are determined and 
at least the segment time of the cylinder that shows the greatest 
deviation from the average segment time of the cylinders ia 
adjusted to reduce the deviation by changing the injection 
volume. 



2 . Representative Drawing 
Fig.l 



